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ARTICLE TYPE CATEGORY: Cancer Epidemiology 
NOVELTY AND IMPACT: Which is the impact of education on gastric cancer risk? An updated 
quantification came from the analysis of the “Stomach cancer Pooling (StoP) Project”, a large 
international consortium of case-control studies. A ~40% decreased risk of gastric cancer emerged 
among intermediate/highly educated subjects as compared to less educated ones. The association 
was evident both among H. pylori negative and positive subjects. 
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 ABSTRACT 
Low socioeconomic position (SEP) is a strong risk factor for incidence and premature mortality 
from several cancers. This study aimed at quantifying the association between SEP and gastric 
cancer (GC) risk through an individual participant data meta-analysis within the “Stomach cancer 
Pooling (StoP) Project”. 
Educational level and household income were used as proxies for the SEP. We estimated pooled 
odds-ratios (ORs) and the corresponding 95% confidence intervals (CIs) across levels of education 
and household income by pooling study-specific ORs through random-effects meta-analytic 
models. The relative index of inequality (RII) was also computed. 
A total of 9,773 GC cases and 24,373 controls from 25 studies from Europe, Asia and America 
were included. The pooled OR for the highest compared to the lowest level of education was 0.60 
(95% CI, 0.44-0.84), while the pooled RII was 0.45 (95% CI, 0.29-0.69). A strong inverse 
association was observed both for non-cardia (OR 0.39, 95% CI, 0.22-0.70) and cardia GC (OR 
0.47, 95% CI, 0.22-0.99). The relation was stronger among H. pylori negative subjects (RII 0.14, 
95% CI, 0.04-0.50) as compared to H. pylori positive ones (RII 0.35, 95% CI, 0.12-1.05), in the 
absence of a significant interaction (p=0.28). The highest household income category showed a 
pooled OR of 0.65 (95% CI, 0.48-0.89), the corresponding RII being 0.40 (95% CI, 0.22-0.72). 
Our collaborative pooled-analysis showed a strong inverse relationship between SEP indicators and 
GC risk. Our data call for public health interventions to reduce GC risk among the more vulnerable 
groups of the population.  
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 INTRODUCTION 
National and international agencies are implementing strategies to guarantee health and wellbeing 
for all people by targeting sustainable development goals like education, gender equality and 
poverty reduction 1. Worldwide, there is increasing awareness and evidence that low socioeconomic 
position (SEP) is a strong determinant of morbidity and premature mortality from selected non-
communicable diseases, including a number of cancers 2, 3. 
SEP reflects the availability of cultural, material and social resources that translates into 
advantages in terms of decision making, social network, lifestyle habits and also access to health 
services. SEP can be measured by a series of indicators, including education, occupation and 
income. These indicators are correlated but each of them measures different aspects of the 
socioeconomic stratification 4. Education captures the intellectual assets of individuals besides the 
socioeconomic conditions in childhood and adolescence, and also represents the opportunity to 
access to higher level jobs. Occupation reflects the privileges related to social standing, material 
resources and job-related risk factors; income reflects the material component, but it is also related 
to better living conditions and healthy environment. 
Gastric cancer (GC) is one of the neoplasms most strongly associated with low SEP 5-8 . 
Almost one million new GC cases are diagnosed every year worldwide, and despite a steady fall in 
incidence over the last several decades, GC is still the third leading cause of cancer mortality 9. 
Thus, an accurate quantification of the impact of SEP on GC risk is of major importance to 
plan public health interventions aimed to reduce GC incidence and socioeconomic disparities 1. 
This study aimed at improving previously published estimates of the association between low 
SEP and GC risk through an individual participant data meta-analysis within the “Stomach cancer 
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 Pooling (StoP) Project”, a recently established consortium of case-control or nested cohort studies 
from various areas of the World 10. The StoP consortium, with its powered gold standard approach 
typical of individual participant data meta-analyses 11, allows to study the relation between SEP and 
GC according to cancer subsite and histological subtype, as well as to consider it in strata of 
geographic area or macroeconomic measure of income inequality of the country where the study 
was conducted. 
MATERIALS AND METHODS 
Characteristics of the included studies 
Policies of the StoP consortium and study inclusion criteria have been previously published 10. The 
participating studies were conducted in accordance with applicable laws, regulations and guidelines 
for protection of human subjects, and the StoP Project received ethical approval from the University 
of Milan Review Board (reference no. 19/15 of 01/04/2015). All identifying information was 
removed before data were pooled at the study coordinating center located at the University of 
Milan. 
A total of 25 out of 30 studies included in the StoP dataset (release version 2.0) collected data on 
SEP and GC risk (Supplementary Table 1). Eleven studies 12-21 - two of which were nested case-
control studies within the Swedish Mammography Cohort (SMC) and the Cohort of Swedish Men 
(COSM) 20 - were from European countries, six were from Asia 22-27, three studies, including one 
with unpublished data, were from North America 28, 29, and five studies were from Central and 
South America 30-34. Out of the 25 included studies, 2 were nested in a cohort 20, twelve selected 
controls from the general population 15, 16, 18, 21, 23-27, 32-34 and 11 (one of which with unpublished 
data) were hospital-based case-control studies 12-14, 17, 19, 22, 28-31. In the latter 12-14, 17, 19, 22, 28-31, 
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 controls were patients admitted to the same hospital network as cases for a wide spectrum of acute, 
non-neoplastic conditions unrelated to risk factors for stomach cancer, including among the others, 
traumas and orthopaedic conditions, eye and ear, nose and throat  diseases. 
Cases had histologically confirmed diagnosis of gastric cancer that were classified and harmonized 
across studies using the International Classification of Diseases 10th Revision (ICD-10 codes C16.0-
C16.9). For the aims of the stratified analysis by anatomical subsite, GCs were classified into 
gastric cardia cancer (ICD-10 C16.0) and non-cardia cancers (ICD-10 C16.1-C16.9). When 
available, the histological subtype was classified using Lauren’s classification into intestinal and 
diffuse. 
We classified each study into low, middle and high according to the Gross National Income 
(GNI) per capita at the time of the study conduction, a macroeconomic measure of income 
inequality estimated by the World Bank Atlas method 35. 
Definition of SEP 
SEP is a complex concept which involves several dimensions including education, work experience, 
access to material resources, prestige and social position 4. In the StoP project, we used the level of 
education and household income as proxies for the SEP 36. 
Education was standardized across studies using the International Standard Classification of 
Education (ISCED 2011) 36 of the UNESCO, an international reference classification that facilitates 
comparisons of education systems across countries. We defined three categories: i) low education 
level, including early childhood and primary education (ISCED 0-1); ii) intermediate education 
level, including secondary education (lower and upper) and post-secondary non tertiary education 
(ISCED 2 to 4); iii) high education level, including tertiary vocational education, often designed to 
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 provide participants with professional knowledge, skills and competencies, and education leading to 
a university degree (ISCED 5-6). ISCED 2 was considered an intermediate level of education since 
the majority of subjects were born between 1930s and 1950s. A sensitivity analysis was carried out 
considering ISCED 0 to 2 as a low education level, ISCED 3-4 and 5-6 as intermediate and high 
education levels, respectively. 
Household income was available in a subset of studies 17, 22, 23, 27, 28, 30, 31 (Supplementary 
Table 1). It was either collected through questionnaire based pre-defined categories 17, 27, 28 or 
through income volumes 22, 23, 30, 31 (as a continuous variable). For the latter studies, we provided to 
define standardized categories through study-specific quartiles in order to merge the two 
definitions. 
Statistical analysis 
A two-stage approach was adopted 37. To analyse the association of education and household 
income with GC risk, we firstly estimated study-specific odds ratios (ORs) and the corresponding 
95% CIs using multivariable unconditional logistic regression models. Polytomous unconditional 
logistic regression models were fitted when analysing the association by cancer subsite and 
histological type.  
To facilitate comparison with results from different studies, we also estimated the relative index of 
inequality (RII) for both education and household income. The RII is a unique regression-based 
summary measure of social inequality that allows comparisons across countries with different 
distributions of the socioeconomic variables. It takes into account the size of the population in each 
socioeconomic level, and their relative position in the socioeconomic scale 38. The RII was defined 
as follows. Within each study, for each of the k ordered levels (i = 1, …, k) of the SEP variable (i.e., 
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 education or household income), let ci be the proportion of study subjects in class i or lower (with 
c0=0 and ck=1). Then, for each class i = 1, …, k, let define xi=(ci+ci-1)/2 as the mean rank, i.e. the 
midpoint between the proportion of study subjects in class i (ci) and those in the previous one (ci-1). 
The RII was then estimated by including the mean rank xi as explanatory variable in the models 
used to derive the ORs instead of the original SEP variable. The RII can be interpreted as the GC 
risk of subjects at the highest level of the socioeconomic hierarchy as compared to those in the 
lowest one. A RII<1 indicates a lower risk among subjects in the highest level of the socioeconomic 
scale, whereas a RII>1 indicates an increased risk. 
Two different models were fitted: a simple model adjusted for age (<40, 40–44, 45–49, 50–54, 55–
59, 60–64, 65–69, 70–74 and ≥75 years) and sex, and a model further adjusted for alcohol drinking 
(never, ≤ 1 drink per day, >1 to ≤ 4 drinks/day and > 4 drinks/day), tobacco smoking (never, 
former, current ≤10 cigarettes/day, >10 to 20 cigarettes/day and >20 cigarettes/day), race/ethnicity 
(White, Hispanic/Latino, Black/African American, other), fruit and vegetable consumption (study-
specific tertiles) and study centre (for multicentre studies). 
To avoid data loss due to sporadically missing values in study-specific confounders, we 
applied multiple imputation using full chained equations 39. Under the missing at random 
assumption, five imputed datasets were generated for each study, with missing values filled in with 
a set of plausible values drawn from the posterior predictive distribution of the missing data, 
conditional on the observed data. The imputation models were congenial with the analysis models, 
and included the same set of covariates plus the case/control status. Study specific regression 
coefficients and their standard errors were obtained through the Rubin’s rule. 
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 In the second stage, summary (pooled) effect estimates for education and household income 
were computed using a random-effect model 40. Heterogeneity between studies was evaluated using 
the Q test statistics and quantified using I2, i.e., the proportion of total variation contributed by 
between-study variance 41. The Galbraith plot was used to graphically assess and visualize the 
impact of individual studies on overall heterogeneity. 
We carried out several stratified analyses to investigate the effect of education across strata of 
selected covariates: geographic region of the study (Europe, Asia, North America, Central/South 
America), per capita GNI of the country where the study was conducted (Low, Middle, High), study 
period (before and after 2000), type of controls (hospital-based, population-based; controls from the 
two nested case-control studies were considered together with the latter), age (≤55, >55 to 65, >65), 
sex, cigarette smoking (never, former, current), alcohol drinking (never, ever) and H. pylori 
infection status (positive, negative). 
The interaction between educational level and the above reported potential effect modifiers was 
tested through a meta-regression model using the RII. 
Analyses were carried out using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) and R 
version 3.4.0 (R Foundation for Statistical Computing, Vienna, Austria). 
RESULTS 
The main characteristics of the study subjects - 9,773 GC cases and 24,373 controls - are presented 
in Table 1. About two-thirds of GC cases (6,354 out of 9,773) were men, while this percentage was 
around 58% in controls. Half of the cases and controls were from European studies. A total of 6,373 
cases (65%) and 18,762 controls (77%) were from countries with a high per capita GNI at the time 
of study conduction (see Supplementary Table 1 for details). Cases were somewhat older (median 
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 age 64 years) than controls (median age 62 years). Among men, 12% of GC cases had a high 
educational level (ISCED 5-6) compared to 7.4% among women. Overall, GC cases were less 
educated and had a lower household income than controls. In fact, 10.5% of cases as compared to 
18.5% of controls had a high educational level (ISCED 5-6), and 3.5% of cases and 5.2% of 
controls had a high household income. 
Table 2 reported the pooled ORs of GC according to educational level. Compared to low 
educational level (ISCED 0-1), both intermediate (ISCED 2-4) and high (ISCED 5-6) educational 
levels were significantly inversely associated with GC risk, being the ORs from the fully adjusted 
models 0.68 (95% CI, 0.55-0.84) and 0.60 (95% CI, 0.44-0.84), respectively. The corresponding 
pooled RII was equal to 0.45 (95% CI, 0.29-0.69). No substantial differences emerged between 
minimally adjusted (i.e., age and sex) and fully adjusted ORs estimates. Similar results emerged in 
the sensitivity analysis considering ISCED 0 to 2 as a low education level (Supplementary Table 2). 
A significant between-study heterogeneity was evident, as shown by study-specific estimates for the 
high educational level (I2=85.5%, p<.01) displayed in Figure 1. The Galbraith plot (Supplementary 
Figure 1) identified the study conducted in Portugal 16 as a potential source of heterogeneity. 
However, between-study heterogeneity did not substantially decreased (I2=76.1%, p<.01) after 
removing that study 16. 
In the analysis by cancer subsite, a strong inverse association was observed both for non-cardia 
(highest vs lowest level education: OR 0.50, 95% CI, 0.32-0.78) and cardia GC (OR 0.65, 95% CI, 
0.41-1.03). Similar findings emerged across histological subtypes, as higher level of education was 
inversely associated with both diffuse (OR 0.62, 95% CI, 0.22-1.11) and intestinal-type (OR 0.54, 
95% CI, 0.32-0.91) GC risk. 
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 Results of the stratified analyses reported in terms of education-based RII are shown in Figure 
2 (see Supplementary Table 3 for full results). The risk of GC was strongly associated with lower 
educational attainment in European (RII 0.37, 95% CI, 0.18-0.75) and Asian (RII 0.27, 95% CI, 
0.09-0.75) studies, while the inverse association was not significant in studies from North America 
(RII 0.58, 95% CI, 0.23-1.41). There was a null association when considering the studies from 
Central/South America (RII 1.07, 95% CI, 0.46-2.48). There was a strong significant inverse 
relation between educational attainment and GC risk in studies from countries with low (RII 0.31, 
95% CI, 0.14-0.70) and high (RII 0.43, 95% CI, 0.24-0.79) per capita GNI, while the association 
was less strong in studies with a middle per capita GNI (RII 0.74, 95% CI, 0.28-1.92), in the 
absence of a significant interaction (p=0.37). Socioeconomic inequality due to educational 
attainment was statistically significant only in studies conducted after 2000 (RII 0.31, 95% CI, 0.09-
1.10) and when considering those with controls from the general population (RII 0.36, 95% CI, 
0.18-0.70). 
No significant differences in risk estimates were observed across strata of age, sex, cigarette 
smoking and drinking. Among the 11 studies who collected data on H. pylori infection, the relation 
was stronger among H. pylori  negative subjects (RII 0.14, 95% CI, 0.04-0.50) as compared to 
positive ones (RII 0.35, 95% CI, 0.12-1.05), in the absence however of a significant interaction 
(p=0.28). 
When using household income as a proxy for the SEP (Supplementary Table 4), a 
significantly reduced GC risk emerged in the highest as compared to the lowest household income 
category (OR 0.65, 95% CI, 0.48-0.89, Supplementary Figure 2). The corresponding RII was 0.40 
(95% CI, 0.22-0.72). 
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 Similar associations emerged across anatomic subsites and histological subtypes. 
DISCUSSION 
This uniquely large individual participant data meta-analysis provides a precise estimate of the 
strong inverse relationship between SEP and GC risk. We found a decreased GC risk among 
individuals with intermediate and high education levels as compared to those in the lowest level. 
The magnitude of the association was similar across anatomic tumor subsites and histological 
subtypes. Similar results emerged when we used household income as a proxy for the SEP. 
Our results are in agreement with previous case-control and cohort studies 6, 8, 42, 43 
investigating the relation between SEP and GC risk. In the EPIC cohort study, higher education was 
associated with a 36% reduced risk of GC (hazard ratio, HR 0.64, 95% CI, 0.43-0.98), and the 
effect was more pronounced for cardia (HR 0.42, 95% CI, 0.20-0.89) as compared to non-cardia 
cancers (HR 0.66, 95% CI, 0.36-1.22) 6. In a large cohort in the US (NIH–AARP Diet and Health 
Study), less educated men had a nearly 70% increased risk of GC (relative risk, RR, 1.67, 95% CI, 
1.20-2.33) as compared to highly educated ones, while there was no significant association in 
women (RR 0.92, 95% CI, 0.44-1.92) 43. A Swedish cohort study including more than 4.7 million 
participants from 1991 to 2010 found a decreased incidence of cardia (incidence rate ratio, IRR, 
0.74, 95% CI, 0.63-0.87) and non-cardia GC (IRR 0.59, 95% CI, 0.54-0.66) among highly educated 
men, and among those above the highest quintile of household income (IRR 0.75, 95% CI, 0.65-
0.86 for cardia GC, and IRR 0.79, 95% CI, 0.73-0.86 for non-cardia GC), while in women the 
association emerged only for education, and was limited to non-cardia GC (IRR 0.64, 95% CI, 0.56-
0.73) 42. A strong inverse association emerged also in a recent large longitudinal Italian census-
based study reporting a reduced mortality among highly educated individuals in both sexes, with 
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 standardized mortality ratio of 0.41 in men and 0.50 in women for the highest compared to the 
lowest level of education 8. 
The causative pathway linking high SEP to low risk of GC has not been fully established. The 
disparities in GC risk among socioeconomic classes have been attributed to the uneven distribution 
of lifestyle risk factors for GC that favours people in the highest SEP, with differences in smoking 
44, alcohol drinking 45 and dietary habits 46 being thought to play a major role. However, when we 
adjusted for these risk factors, the magnitude of the association remained strong, suggesting that the 
reduced risk of GC associated with a high SEP operates through more complex pathways than those 
related to modifiable risk factors. H. pylori infection is associated with an increased non-cardia GC 
risk, and it is more common in subjects from low SEP 47. Although only half of the studies included 
in the StoP consortium collected data on H. pylori infection, we found a nearly 40% decreased GC 
risk in highly educated H. pylori positive subjects. 
The stratified analysis according to type of controls showed that the relationship between education 
and GC risk was stronger, but not significantly different, among population-based than hospital-
based controls. Hospital-based case-control studies may be more prone to selection bias, being less 
educated people more likely to be hospitalized for chronic conditions as compared to controls 
selected from the general population. 
Our findings surprisingly evidenced a lack of association between educational attainment and 
GC risk in the stratified analysis of the five studies 30-34 from Central and Southern America, two of 
which from Brazil 30, 31 and three from Mexico 32-34. Among these studies 30-34, the only one 
showing a significant inverse association was carried out among Japanese Brazilians in Sao Paulo 
31. The Mexican study by Ward et al. 33 separately reported a lack of association between 
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 educational level and GC risk, too. This raised concerns about the reliability of education as a proxy 
for the SEP in Mexico, where the education system is problematic and part of the population fails to 
achieve even basic education 48. In fact, a very small fraction of study participants gained higher 
education in such studies 32-34. Moreover, these studies were from countries having a middle per 
capita GNI 35 at the time of conduction. Low and middle income countries account for substantial 
inequalities as wealth remains concentrated in the hands of the rich, whilst the vast majority of the 
population remains poor, with limited access to education, and thus to potentially better life 
conditions in the future. This may have attenuated the results towards the null, as in stratified 
analyses according to per capita GNI, the decreased GC risk in highly educated as compared to less 
educated subjects was not significant in either low (OR 0.73, 95% CI 0.46-1.16) or in middle GNI 
countries (OR 0.83, 95% CI 0.40-1.75). 
With reference to study limitations, we found a considerable heterogeneity across studies that 
was not explained by age, sex, cigarette smoking, alcohol drinking and geographic area of the 
study. The study conducted in Portugal 16 was a potential source of heterogeneity, being the OR 
estimate for high vs low education really low. This may be explained by selection bias, as there was 
no perfect match between the populations from which controls (Porto dwellers) and cases (selected 
in two hospitals that received patients from the north, including also poorer regions than Porto) 
were selected. However, the exclusion of such Portuguese study 16 did not lead to a reduction in 
heterogeneity. In the StoP consortium, a huge effort has been done to harmonize data according to a 
pre-specified format in order to ensure standardization of case-definition and confounders 10. 
Despite this, we cannot rule out uncontrolled confounders such as salt or salty foods consumption 
(e.g., processed meat) and food preservation, including refrigerator use. The use of random-effects 
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 models allows to account for, but not resolve, heterogeneity. We adopted the two-stage approach, 
which gives similar results with respect to the one-stage approach, even in the presence of 
heterogeneity, and when several covariates must be concurrently considered 37. However, as a 
sensitivity analysis, we also performed a one-stage analysis, that gave materially unchanged results. 
In this work, we considered two of the most common proxy variables of the SEP, educational 
attainment and household income. However, we could not evaluate the relationship between 
occupational-based social class and GC risk since we were unable to have a uniform definition of 
occupational position among the included studies. This indicator could be a better proxy for the 
SEP. We decided to standardize educational attainment across studies using the UNESCO ISCED 
2011 classification 36, a recognized and comprehensive framework that allows the comparison of 
national education systems across countries. However, the meaning of educational level varies 
according to birth cohort, as over recent decades there have been increasing opportunities to get 
proper education even for minorities and individuals of low social status. This means that in today’s 
young generations, low education may reflect a worse life, health and psychiatric conditions. 
The “StoP Project” includes original and individual data on risk factors for GC on about 
10,000 cancer cases and 24,000 controls, providing us a unique opportunity to investigate and 
accurately quantify the magnitude of the association between two proxy variables for the SEP, 
educational attainment and household income, and GC risk, overall and according to anatomical 
subsites, histology, geographic area, per capita GNI of the country where the study was conducted, 
and other selected potential confounders. The individual level approach has the undoubted 
advantage of the availability of detailed and uniform information on important covariates as 
compared with meta-analysis based on published data, allowing to adjust for recognized GC risk 
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 factors 11. However, despite the use of multivariable adjusted models, residual confounding cannot 
be completely ruled out. 
We computed the RII 38 for both education and household income. This index has the 
advantage of providing a unique measure of the magnitude of inequality that can be compared 
across different countries, studies and diseases 38. Our estimates of the RII are in line with that 
reported in a census-based Spanish study based on GC deaths registered between 2001 and 2008 49, 
and with the results of the Turin Longitudinal study based on the Piedmont cancer registry 
collecting data between 1985-1999 50. In these studies, the RII ranged between 1.96 in Spanish men 
and 3.24 in Italian men, i.e. people in the highest rank of the socioeconomic hierarchy had a 30% to 
50% reduction in GC mortality as compared to those in the lowest class. 
The StoP project included seven case-control studies 17, 22, 23, 27, 28, 30, 31 who collected 
household income data. Household income was standardized as far as possible to ensure 
comparability across studies. Despite that, household income may have varied over the time span of 
the included studies.  
In conclusion, SEP is a strong determinant of GC. Effective interventions to reduce socio-
economic inequalities at local, national and international level are needed to reduce GC risk among 
the more vulnerable groups of the population. Being GC strictly related to low SEP, these 
interventions will reduce the burden of the disease in the whole population.  
 
 
This article is protected by copyright. All rights reserved.
 ACKNOWLEDGEMENTS 
This project was supported by the “Associazione Italiana per la Ricerca sul Cancro” (AIRC), 
Project no. 16715 (Investigator Grant), by the “Fondazione Italiana per la Ricerca sul Cancro” 
(FIRC) and by the Italian Ministry of Health (Young Researchers, GR-2011-02347943 to SB). MR 
is grateful to the FIRC who supported his work from 2015 to 2017. This study was also funded by 
FEDER through the Operational Programme Competitiveness and Internationalization and national 
funding from the Foundation for Science and Technology – FCT (Portuguese Ministry of Science, 
Technology and Higher Education) under the Unidade de Investigação em Epidemiologia – 
Instituto de Saúde Pública da Universidade do Porto (EPIUnit) (POCI-01-0145-FEDER-006862; 
Ref. UID/DTP/04750/2013). AF (PD/BD/105823/2014) was awarded with an individual 
scholarship through national funding from FCT/MCTES. 
The authors thank the European Cancer Prevention (ECP) Organization for providing support for 
the project meetings. The authors would like to thank Dr. Delphine Praud and Dr. Tiziana Rosso for 
their valuable work during the data harmonization process. 
We also thank all MCC-Spain study collaborators (CIBERESP, ISCIII, ISGlobal, ICO, University 
of Huelva, University of Oviedo, University of Cantabria, University of Leòn, ibs.Granada, Instituto 
Salud Pública de Navarra, FISABIO, Murcia Regional Health Authority and cols).   
 
 
This article is protected by copyright. All rights reserved.
 REFERENCES 
 1. Niessen LW, Mohan D, Akuoku JK, Mirelman AJ, Ahmed S, Koehlmoos TP, Trujillo A, 
Khan J, Peters DH. Tackling socioeconomic inequalities and non-communicable diseases in low-
income and middle-income countries under the Sustainable Development agenda. Lancet 2018;391: 
2036-46. 
 2. Mackenbach JP, Stirbu I, Roskam AJ, Schaap MM, Menvielle G, Leinsalu M, Kunst AE, 
European Union Working Group on Socioeconomic Inequalities in H. Socioeconomic inequalities 
in health in 22 European countries. N Engl J Med 2008;358: 2468-81. 
 3. Stringhini S, Carmeli C, Jokela M, Avendano M, Muennig P, Guida F, Ricceri F, d'Errico 
A, Barros H, Bochud M, Chadeau-Hyam M, Clavel-Chapelon F, et al. Socioeconomic status and 
the 25 x 25 risk factors as determinants of premature mortality: a multicohort study and meta-
analysis of 1.7 million men and women. Lancet 2017;389: 1229-37. 
 4. Geyer S, Hemstrom O, Peter R, Vagero D. Education, income, and occupational class 
cannot be used interchangeably in social epidemiology. Empirical evidence against a common 
practice. J Epidemiol Community Health 2006;60: 804-10. 
 5. La Vecchia C, Negri E, Franceschi S. Education and cancer risk. Cancer 1992;70: 2935-
41. 
 6. Nagel G, Linseisen J, Boshuizen HC, Pera G, Del Giudice G, Westert GP, Bueno-de-
Mesquita HB, Allen NE, Key TJ, Numans ME, Peeters PH, Sieri S, et al. Socioeconomic position 
and the risk of gastric and oesophageal cancer in the European Prospective Investigation into 
Cancer and Nutrition (EPIC-EURGAST). Int J Epidemiol 2007;36: 66-76. 
 
 
This article is protected by copyright. All rights reserved.
  7. Uthman OA, Jadidi E, Moradi T. Socioeconomic position and incidence of gastric cancer: 
a systematic review and meta-analysis. J Epidemiol Community Health 2013;67: 854-60. 
 8. Alicandro G, Frova L, Sebastiani G, El Sayed I, Boffetta P, La Vecchia C. Educational 
inequality in cancer mortality: a record linkage study of over 35 million Italians. Cancer Causes 
Control 2017;28: 997-1006. 
 9. IARC. International Agency for Research on Cancer. GLOBOCAN 2012: Estimated 
Cancer Incidence, Mortality and Prevalence Worldwide in 2012. Available at URL: 
http://globocan.iarc.fr/Default.aspx. 
 10. Pelucchi C, Lunet N, Boccia S, Zhang ZF, Praud D, Boffetta P, Levi F, Matsuo K, Ito H, 
Hu J, Johnson KC, Ferraroni M, et al. The stomach cancer pooling (StoP) project: study design and 
presentation. Eur J Cancer Prev 2015;24: 16-23. 
 11. Riley RD, Lambert PC, Abo-Zaid G. Meta-analysis of individual participant data: 
rationale, conduct, and reporting. BMJ 2010;340: c221. 
 12. Lagiou P, Samoli E, Lagiou A, Peterson J, Tzonou A, Dwyer J, Trichopoulos D. 
Flavonoids, vitamin C and adenocarcinoma of the stomach. Cancer Causes Control 2004;15: 67-72. 
 13. La Vecchia C, D'Avanzo B, Negri E, Decarli A, Benichou J. Attributable risks for 
stomach cancer in northern Italy. Int J Cancer 1995;60: 748-52. 
 14. Lucenteforte E, Scita V, Bosetti C, Bertuccio P, Negri E, La Vecchia C. Food groups 
and alcoholic beverages and the risk of stomach cancer: a case-control study in Italy. Nutr Cancer 
2008;60: 577-84. 
 
 
This article is protected by copyright. All rights reserved.
  15. Buiatti E, Palli D, Decarli A, Amadori D, Avellini C, Bianchi S, Biserni R, Cipriani F, 
Cocco P, Giacosa A, et al. A case-control study of gastric cancer and diet in Italy. Int J Cancer 
1989;44: 611-6. 
 16. Lunet N, Valbuena C, Vieira AL, Lopes C, David L, Carneiro F, Barros H. Fruit and 
vegetable consumption and gastric cancer by location and histological type: case-control and meta-
analysis. Eur J Cancer Prev 2007;16: 312-27. 
 17. Zaridze D, Borisova E, Maximovitch D, Chkhikvadze V. Alcohol consumption, smoking 
and risk of gastric cancer: case-control study from Moscow, Russia. Cancer Causes Control 
2000;11: 363-71. 
 18. Castano-Vinyals G, Aragones N, Perez-Gomez B, Martin V, Llorca J, Moreno V, 
Altzibar JM, Ardanaz E, de Sanjose S, Jimenez-Moleon JJ, Tardon A, Alguacil J, et al. Population-
based multicase-control study in common tumors in Spain (MCC-Spain): rationale and study 
design. Gac Sanit 2015;29: 308-15. 
 19. Santibanez M, Alguacil J, de la Hera MG, Navarrete-Munoz EM, Llorca J, Aragones N, 
Kauppinen T, Vioque J. Occupational exposures and risk of stomach cancer by histological type. 
Occup Environ Med 2012;69: 268-75. 
 20. Harris H, Håkansson N, Olofsson C, Julin B, Åkesson A, Wolk A. The Swedish 
Mammography Cohort and the Cohort of Swedish Men: Study design and characteristics of 2 
population-based longitudinal cohorts. OA Epidemiology 2013;1: 16. 
 21. Ye W, Ekstrom AM, Hansson LE, Bergstrom R, Nyren O. Tobacco, alcohol and the risk 
of gastric cancer by sub-site and histologic type. Int J Cancer 1999;83: 223-9. 
 
 
This article is protected by copyright. All rights reserved.
  22. Deandrea S, Foschi R, Galeone C, La Vecchia C, Negri E, Hu J. Is temperature an effect 
modifier of the association between green tea intake and gastric cancer risk? Eur J Cancer Prev 
2010;19: 18-22. 
 23. Mu LN, Lu QY, Yu SZ, Jiang QW, Cao W, You NC, Setiawan VW, Zhou XF, Ding 
BG, Wang RH, Zhao J, Cai L, et al. Green tea drinking and multigenetic index on the risk of 
stomach cancer in a Chinese population. Int J Cancer 2005;116: 972-83. 
 24. Setiawan VW, Yu GP, Lu QY, Lu ML, Yu SZ, Mu L, Zhang JG, Kurtz RC, Cai L, 
Hsieh CC, Zhang ZF. Allium vegetables and stomach cancer risk in China. Asian Pac J Cancer 
Prev 2005;6: 387-95. 
 25. Setiawan VW, Zhang ZF, Yu GP, Li YL, Lu ML, Tsai CJ, Cordova D, Wang MR, Guo 
CH, Yu SZ, Kurtz RC. GSTT1 and GSTM1 null genotypes and the risk of gastric cancer: a case-
control study in a Chinese population. Cancer Epidemiol Biomarkers Prev 2000;9: 73-80. 
 26. Pourfarzi F, Whelan A, Kaldor J, Malekzadeh R. The role of diet and other 
environmental factors in the causation of gastric cancer in Iran--a population based study. Int J 
Cancer 2009;125: 1953-60. 
 27. Pakseresht M, Forman D, Malekzadeh R, Yazdanbod A, West RM, Greenwood DC, 
Crabtree JE, Cade JE. Dietary habits and gastric cancer risk in north-west Iran. Cancer Causes 
Control 2011;22: 725-36. 
 28. Mao Y, Hu J, Semenciw R, White K. Active and passive smoking and the risk of 
stomach cancer, by subsite, in Canada. Eur J Cancer Prev 2002;11: 27-38. 
 
 
This article is protected by copyright. All rights reserved.
  29. Zhang ZF, Kurtz RC, Klimstra DS, Yu GP, Sun M, Harlap S, Marshall JR. Helicobacter 
pylori infection on the risk of stomach cancer and chronic atrophic gastritis. Cancer Detect Prev 
1999;23: 357-67. 
 30. Nishimoto IN, Hamada GS, Kowalski LP, Rodrigues JG, Iriya K, Sasazuki S, Hanaoka 
T, Tsugane S, Sao Paulo--Japan Cancer Project Gastric Cancer Study G. Risk factors for stomach 
cancer in Brazil (I): a case-control study among non-Japanese Brazilians in Sao Paulo. Jpn J Clin 
Oncol 2002;32: 277-83. 
 31. Hamada GS, Kowalski LP, Nishimoto IN, Rodrigues JJ, Iriya K, Sasazuki S, Hanaoka T, 
Tsugane S, Sao Paulo--Japan Cancer Project Gastric Cancer Study G. Risk factors for stomach 
cancer in Brazil (II): a case-control study among Japanese Brazilians in Sao Paulo. Jpn J Clin Oncol 
2002;32: 284-90. 
 32. Hernandez-Ramirez RU, Galvan-Portillo MV, Ward MH, Agudo A, Gonzalez CA, 
Onate-Ocana LF, Herrera-Goepfert R, Palma-Coca O, Lopez-Carrillo L. Dietary intake of 
polyphenols, nitrate and nitrite and gastric cancer risk in Mexico City. Int J Cancer 2009;125: 
1424-30. 
 33. Ward MH, Lopez-Carrillo L. Dietary factors and the risk of gastric cancer in Mexico 
City. Am J Epidemiol 1999;149: 925-32. 
 34. Lopez-Carrillo L, Lopez-Cervantes M, Robles-Diaz G, Ramirez-Espitia A, Mohar-
Betancourt A, Meneses-Garcia A, Lopez-Vidal Y, Blair A. Capsaicin consumption, Helicobacter 
pylori positivity and gastric cancer in Mexico. Int J Cancer 2003;106: 277-82. 
 
 
This article is protected by copyright. All rights reserved.
  35. World Bank. GNI Per Capita Ranking, Atlas Method And PPP based. World Bank, 
2018. https://datacatalog.worldbank.org/dataset/gni-capita-ranking-atlas-method-and-ppp-based. 
Last access 2018 Jun 07. 
 36. UNESCO Institute for Statistics. International Standard Classification of Education: 
ISCED 2011. Montreal: UNESCO Institute for Statistics, 2012. 
 37. Scotti L, Rea F, Corrao G. One-stage and two-stage meta-analysis of individual 
participant data led to consistent summarized evidence: lessons learned from combining multiple 
databases. J Clin Epidemiol 2018;95: 19-27. 
 38. Mackenbach JP, Kunst AE. Measuring the magnitude of socio-economic inequalities in 
health: An overview of available measures illustrated with two examples from Europe. Soc Sci Med 
1997;44: 757-71. 
 39. White IR, Royston P, Wood AM. Multiple imputation using chained equations: Issues 
and guidance for practice. Stat Med 2011;30: 377-99. 
 40. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials 1986;7: 
177-88. 
 41. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-
analyses. BMJ 2003;327: 557-60. 
 42. Lagergren J, Andersson G, Talback M, Drefahl S, Bihagen E, Harkonen J, Feychting M, 
Ljung R. Marital status, education, and income in relation to the risk of esophageal and gastric 
cancer by histological type and site. Cancer 2016;122: 207-12. 
 
 
This article is protected by copyright. All rights reserved.
  43. Mouw T, Koster A, Wright ME, Blank MM, Moore SC, Hollenbeck A, Schatzkin A. 
Education and risk of cancer in a large cohort of men and women in the United States. PLoS One 
2008;3: e3639. 
 44. Praud D, Rota M, Pelucchi C, Bertuccio P, Rosso T, Galeone C, Zhang ZF, Matsuo K, 
Ito H, Hu J, Johnson KC, Yu GP, et al. Cigarette smoking and gastric cancer in the Stomach Cancer 
Pooling (StoP) Project. Eur J Cancer Prev 2018;27: 124-33. 
 45. Rota M, Pelucchi C, Bertuccio P, Matsuo K, Zhang ZF, Ito H, Hu J, Johnson KC, Palli 
D, Ferraroni M, Yu GP, Muscat J, et al. Alcohol consumption and gastric cancer risk-A pooled 
analysis within the StoP project consortium. Int J Cancer 2017;141: 1950-62. 
 46. Gonzalez CA, Pera G, Agudo A, Bueno-de-Mesquita HB, Ceroti M, Boeing H, Schulz 
M, Del Giudice G, Plebani M, Carneiro F, Berrino F, Sacerdote C, et al. Fruit and vegetable intake 
and the risk of stomach and oesophagus adenocarcinoma in the European Prospective Investigation 
into Cancer and Nutrition (EPIC-EURGAST). Int J Cancer 2006;118: 2559-66. 
 47. Moayyedi P, Axon AT, Feltbower R, Duffett S, Crocombe W, Braunholtz D, Richards 
ID, Dowell AC, Forman D, Leeds HSG. Relation of adult lifestyle and socioeconomic factors to the 
prevalence of Helicobacter pylori infection. Int J Epidemiol 2002;31: 624-31. 
 48. The Organisation for Economic Co-operation and Development (OECD). Education at a 
glance 2017: OECD indicators. Paris: OECD Publishing, 2017. 
 49. Reques L, Giraldez-Garcia C, Miqueleiz E, Belza MJ, Regidor E. Educational 
differences in mortality and the relative importance of different causes of death: a 7-year follow-up 
study of Spanish adults. J Epidemiol Community Health 2014;68: 1151-60. 
 
 
This article is protected by copyright. All rights reserved.
  50. Spadea T, Zengarini N, Kunst A, Zanetti R, Rosso S, Costa G. Cancer risk in 
relationship to different indicators of adult socioeconomic position in Turin, Italy. Cancer Causes 
Control 2010;21: 1117-30. 
 
 
This article is protected by copyright. All rights reserved.
 Table 1. Distribution of StoP consortium gastric cancer cases and controls by selected characteristics, overall and according to sex. 
  Women Men All P 
  Controls 
(n=10302) 
Cases 
(n=3419) 
Controls 
(n=14071) 
Cases 
(n=6354) 
Controls 
(n=24373) 
Cases 
(n=9773) 
 
  n % n % n % n % n % n %  
Geographic area Europe 5284 51.3 1853 54.2 6936 49.3 3066 48.3 12220 50.1 4919 50.3 <.01 
 Asia 942 9.1 568 16.6 1848 13.1 1251 19.7 2790 11.4 1819 18.6  
 North America 3065 29.8 587 17.2 4188 29.8 1427 22.5 7253 29.8 2014 20.6  
 Central/South 
America 
1011 9.8 411 12.0 1099 7.8 610 9.6 2110 8.7 1021 10.4  
Per capita Gross 
National Income 
(GNI) study 
classificationa 
Low 1260 12.2 770 22.5 2141 15.2 1499 23.6 3401 14.0 2269 23.2 <.01 
 Middle 1062 10.3 464 13.6 1148 8.2 667 10.5 2210 9.1 1131 11.6  
 High 7980 77.5 2185 63.9 10782 76.6 4188 65.9 18762 77 6373 65.2  
Study period Before 2000 6693 65.0 2494 72.9 9439 67.1 4710 74.1 16132 66.2 7204 73.7 <.01 
 After 2000 3609 35.0 925 27.1 4632 32.9 1644 25.9 8241 33.8 2569 26.3  
Type of controls               
 Population based 7612 73.9 2175 63.6 9340 66.4 3987 62.7 16952 69.6 6162 63.1  
 Hospital based 2302 22.3 1007 29.5 4322 30.7 2061 32.4 6624 27.2 3068 31.4  
 Mixed 388 3.8 237 6.9 409 2.9 306 4.8 797 3.3 543 5.6  
Age (years) <40 763 7.4 188 5.5 997 7.1 179 2.8 1760 7.2 367 3.8 <.01 
 40-44 713 6.9 135 3.9 742 5.3 230 3.6 1455 6.0 365 3.7  
 45-49 992 9.6 237 6.9 966 6.9 378 5.9 1958 8.0 615 6.3  
 50-54 1124 10.9 276 8.1 1267 9.0 622 9.8 2391 9.8 898 9.2  
 
 
This article is protected by copyright. All rights reserved.
  55-59 1203 11.7 372 10.9 1606 11.4 857 13.5 2809 11.5 1229 12.6  
 60-64 1428 13.9 490 14.3 2282 16.2 1053 16.6 3710 15.2 1543 15.8  
 65-69 1619 15.7 638 18.7 2402 17.1 1167 18.4 4021 16.5 1805 18.5  
 70-74 1398 13.6 627 18.3 2235 15.9 1107 17.4 3633 14.9 1734 17.7  
 ≥75 1058 10.3 456 13.3 1570 11.2 761 12.0 2628 10.8 1217 12.5  
 missing 4 0.0 -- -- 4 0.0 -- -- 8 0.0 -- --  
Education 
(ISCED)b 
Low (0-1) 4680 45.4 2163 63.3 5995 42.6 3599 56.6 10675 43.8 5762 59.0 <.01 
 Intermediate (2-4) 3721 36.1 927 27.1 5234 37.2 1891 29.8 8955 36.7 2818 28.8  
 High (5-6) 1784 17.3 252 7.4 2725 19.4 775 12.2 4509 18.5 1027 10.5  
 missing 117 1.1 77 2.3 117 0.8 89 1.4 234 1.0 166 1.7  
Household 
incomec 
Low 562 5.5 206 6.0 638 4.5 357 5.6 1200 4.9 563 5.8 <.01 
 Lower middle 665 6.5 229 6.7 845 6.0 503 7.9 1510 6.2 732 7.5  
 Upper middle 863 8.4 251 7.3 1134 8.1 460 7.2 1997 8.2 711 7.3  
 High 450 4.4 75 2.2 809 5.7 248 3.9 1259 5.2 323 3.3  
 missing 7762 75.4 2658 77.8 10645 75.6 4786 75.4 18407 75.5 7444 76.2  
Tobacco smoking Never 6825 66.2 2488 72.8 4098 29.1 1620 25.5 10923 44.8 4108 42.0 <.01 
 Former 1596 15.5 363 10.6 5234 37.2 2313 36.4 6830 28.0 2676 27.4  
 Current ≤10 cig/day 790 7.7 210 6.1 1284 9.1 495 7.8 2074 8.5 705 7.2  
 Current 10-20 cig/day 622 6.0 182 5.3 1698 12.1 902 14.2 2320 9.5 1084 11.1  
 Current >20 cig/day 281 2.7 67 2.0 1468 10.4 803 12.6 1749 7.2 870 8.9  
 missing 188 1.8 109 3.2 289 2.1 221 3.5 477 2.0 330 3.4  
Alcohol drinking Never 3849 37.4 1304 38.1 2544 18.1 1067 16.8 6393 26.2 2371 24.3 <.01 
 ≤1 drink/day 3415 33.1 848 24.8 4254 30.2 1470 23.1 7669 31.5 2318 23.7  
 >1 to <4 drinks/day 1277 12.4 602 17.6 3377 24.0 1631 25.7 4654 19.1 2233 22.8  
 >4 drinks 171 1.7 62 1.8 1940 13.8 1075 16.9 2111 8.7 1137 11.6  
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  missing 1590 15.5 603 17.6 1956 13.9 1111 17.5 3546 14.5 1714 17.6  
Family history of 
GC 
No 4516 43.8 1465 42.8 6160 43.8 2765 43.5 10676 43.8 4230 43.3 <.01 
 Yes 394 3.8 383 11.2 530 3.8 521 8.2 924 3.8 904 9.2  
 missing 5392 52.3 1571 46.0 7381 52.5 3068 48.3 12773 52.4 4639 47.5  
Fruit/vegetables 
consumption 
Low 2340 22.7 924 27.0 3523 25.0 1783 28.1 5863 24.1 2707 27.7 <.01 
 Intermediate 3083 29.9 976 28.5 3887 27.6 1860 29.3 6970 28.6 2836 29.0  
 High 3580 34.8 1106 32.3 4174 29.7 1856 29.2 7754 31.8 2962 30.3  
 missing 1299 12.6 413 17.6 2487 17.6 855 13.5 3786 15.5 1268 13.0  
H. pylori infection              <.01 
 No 677 6.6 300 8.8 761 5.4 445 7.0 1438 5.9 745 7.6  
 Yes 2203 21.4 729 21.3 2921 20.8 1350 21.2 5124 21.0 2079 21.3  
 missing 7422 72.0 2390 69.8 10389 73.8 4559 71.7 17811 73.0 6949 71.1  
a According to the Gross National Income (GNI) per capita historical classification computed by the World Bank atlas method 35. 
b Education was standardized using the International Standard Classification of Education (ISCED 2011) 36. Low education corresponds to ISCED 
0-1, Intermediate education to ISCED 2-4 and High education to ISCED 5-6. 
c Data on household income was available for the following studies: China (Harbin) 22, Canada (eight provinces) 28, China (Taixing, Jiangsu) 23, 
Russia (Moscow) 17, Iran (Ardabil) 27, Brazil (São Paulo) 30, Brazil (São Paulo) 31. 
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 Table 2. Pooled ORs and 95% CIs of gastric cancer by anatomical subsite and histological subtype 
according to education levela in the StoP consortium. 
  
Cases Controls 
Age and sex 
adjusted 
OR (95% CI) 
Fully adjustedb 
OR (95% CI) 
I2, p for 
heterogeneity 
All gastric cancer      
 Low 5762 10675 1 (ref) 1 (ref)  
 Intermediate 2818 8955 0.66 (0.53-0.82) 0.68 (0.55-0.84) 84.5%, <.01 
 High 1027 4509 0.56 (0.39-0.79) 0.60 (0.44-0.84) 85.5%, <.01 
 Relative Index of 
Inequality (RII) 
9607 24139 0.43 (0.28-0.67) 0.45 (0.29-0.69) 90.9%, <.01 
By anatomical subsite 
Cardia gastric cancer      
 Low 575 8572 1 (ref) 1 (ref)  
 Intermediate 448 7966 0.81 (0.58-1.14) 0.80 (0.55-1.15) 42.5%, .05 
 High 265 4374 0.66 (0.42-1.04) 0.65 (0.41-1.03) 47.6%, .05 
 Relative Index of 
Inequality (RII) 
1288 20912 0.49 (0.23-1.06) 0.47 (0.22-0.99) 78.2%, <.01 
Non-cardia gastric 
cancer 
     
 Low 2945 8572 1 (ref) 1 (ref)  
 Intermediate 921 7966 0.63 (0.47-0.83) 0.62 (0.46-0.83) 77.6%, <.01 
 High 329 4374 0.53 (0.34-0.83) 0.50 (0.32-0.78) 82.4%, <.01 
 Relative Index of 
Inequality (RII) 
4195 20912 0.38 (0.21-0.69) 0.39 (0.22-0.70) 86.6%, <.01 
By histological subtype 
Diffuse-type      
 Low 1020 6907 1 (ref) 1 (ref)  
 Intermediate 332 5904 0.72 (0.51-1.00) 0.73 (0.53-1.00) 65.0%, <.01 
 High 131 3320 0.59 (0.34-1.04) 0.62 (0.35-1.11) 76.5%, <.01 
 Relative Index of 
Inequality (RII) 
1483 16131 0.44 (0.21-0.96) 0.46 (0.22-0.98) 83.0%, <.01 
Intestinal-type      
 Low 1790 6907 1 (ref) 1 (ref)  
 Intermediate 361 5904 0.59 (0.41-0.86) 0.62 (0.43-0.90) 75.9%, <.01 
 High 149 3320 0.49 (0.29-0.82) 0.54 (0.32-0.91) 75.4%, <.01 
 Relative Index of 
Inequality (RII) 
2300 16131 0.32 (0.16-0.67) 0.35 (0.17-0.70) 83.6%, <.01 
a Education was standardized using the International Standard Classification of Education (ISCED 
2011) 36. Low education corresponds to ISCED 0-1, Intermediate education to ISCED 2-4 and High 
education to ISCED 5-6. 
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 b Adjusted for age, sex, alcohol drinking, tobacco smoking, race/ethnicity, fruit and vegetable 
consumption and study centre (for multicentre studies).  
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 FIGURE LEGENDS 
Figure 1. Study-specific and pooled ORs and corresponding 95% CIs of gastric cancer risk for high 
(ISCED 5-6) as compared to low (ISCED 0-1) educational level in the Stomach cancer Pooling 
(StoP) Project consortium. RE: random effect. 
Figure 2. Pooled education-based RIIs and 95% CIs for gastric cancer risk in strata of geographic 
area, per capita GNI of the country where the study was conducted, study period, type of controls, 
age, sex, cigarette smoking, alcohol drinking and H. pylori infection in the Stomach cancer Pooling 
(StoP) Project consortium. 
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